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Introduction

The Environmental Science Group a: Los Alamos and the Test and Evaluution Command
(TECOM) are assessing the risk of depleted uranium (DU) testing at Aberdeen Proving Ground
(APG) (Ebinger et al. 1990). Conceptual and mathematical mode!s of DU transfer through the
APG ccosystem have been developed in order to show the mechanisms by which DU migrates or
remains unavailable to differexc flora and fauna and to» humans. The models incorporate actual
rates of DU transfer between different ecosystem components as much as possible. Availability of
data on DU transport through different pathways is scarce and constrains some of the transfer
rates that can be used. Estimates of transfer rates were derived from literature sources and used
in the mass-transfer models when actual transfer rates were unavailable. The models suggest little
accumulation of DU in animals of successively higher trophic levels and illustrate the importance
of soils and sediments in retaining DU in an unavailable fornm. The models also guide sampling in
support of environmental monitoring and are important o00ls in estimating human health risks
related to DU testing.

‘The objectives for this risk assessment are 1) to assess if DU transports away from impact
arcas; 2) to estimate how imuch, if any, DU migrates into Chesapeake Bay; 3) to determine if there
are appreciable risks to the ecosystems due (o DU wsting; 4) to estimite the risk to human health
asaresult o . U testing, These objectices require that realistic ecosystem madels be developed
and used with any available Gaerature and environmental monitoring data. “The madels can be
refined with iicld data obtained through intensive sampling designed to detenine DU
concetrations throughout the ceosysten.

‘The approach to this risk assessiment is throuph pathway analysis. Pathways, for the
purpose of this discussion, are the posstble wavs by which DU can be incorporited into planis,
cails, water, aninuls, and hungins who use the area that s contimunated with DU Pathways
include complete tood chains and parts of tood ey such as water o Gish to hunans, Our
nrethod is to determine the imventory of DUPon the ipact site and use that inventory as input into

aonathematical modei of DU tansport throuph the pathways in the aquatic ccosystem, “The APG



2]

aquatic ecosystem includes fresh water areas inland from the bay a few kilometers and the
brackish environment of the bay itself.

The risk assessment presented in this paper was conducted using little actual
environmental monitoring data. Heavy use of literature values to estimate DU transport through
the ecosystem resulted in large uncertainty in the predictions of DU transfer because literature
values of input parameters covered a range of experimental and natural conditions. The results of
this preliminary risk assessment were used to design sampling plans that will provided field and
laboratory data. The field and laboratory data will be used to rcfine the mathematical ecosystem
model and reduce the uncertainty of the predictions. Presented below are the results of the
preliminary assessment and the plans to collect more samples that will provide the data for a more

thorough nisk assessment of DU in the Aberdeen environment.

Pathway Descriptions

Figare T shows the aquatic mas much as possible, model used for the preliminary risk
assesuitent. Tins model was adapted from a carbon tlux model of Chesapeake Bity deveioped by
Baird and Ulanowicz (1989). The compartinents we chose were based on known species at APG
that are of commiercial, recreational, or acsthetic importance. Thus, organisms Jike blue crabs and
perch are included in the risk assessment.

The model simultancously solves several differential equations for the flow or mass
transter of DU in the compartiients of the maodel. DU tlow is controlled by several metabolic,
biologacal, or chemical variables including the rates tish filter water, biomass consemption by
aquatc orpanisms, and defecation rates. Specttie data on DU tanster imta and trom different
commpattiients s needed but few of the needed data exast for DU and the orpianisms or processes
of mterest Theretore, many vahies were exttapolated trom published hiterature on othe
contannnants, The aouatic model s mherently naprecise because of the extrapolations made. In
mosteases i ranpe of vadues for the input varables was known or could be estimated with relaive

case. Fromthe vanges, probabihty distributions were denved sothat mean values and expected



starndard deviations could be incorporated into the model. The ranges and probability
distributions of the parameters allowed estimation of the uncertainty of the miodel. Using the
ranges of input data also incorporated a reasonable amount of conservatism in the modeling while
still being based on realistic phenoimena.

DV transfer was simulated using the pathways shown in Figure 1. The resuits presented
below are based on input data form the literature and estimations of most cof the rate processes
affecting DU transfer. Thus, this exercise does not replace field sampling, nor does it dictate the
actual concentrations of DU in the differ>nt pathways. Instead, results of simulations suggest the
magnitudes of DU concentrations and were used to design an efficient and cost-effective sampling
plan for the aquatic ecosystem. Design of the sampling plan and the more thorough
understanding of the ecosystem gained from field measurements would not have been possible

without use of the aquatic ecosystem model.

Model Simulation Results

The aquatic model was run using an initial water concentration ("source™ compartment or
source term) of 1 pCy/E from DU. "This value was bounded on the fower end using a national
average L concentration in drin_ing water (Harley and Fisenne, 1990) and on the upper end by
using U concentrations at abont 10% of the proposed action level for radioactivity in water
(Kocker, 1989; Zhao and Zhao, 1990). "The water concentration is the most sensitive variable in
the aquatic model andg determines the magaeitude of DU concentrations in other compartments.
Data for the remaining input variables were either estimates of DU behavior based on other metals
or ranges of actual DU transter processes measured under a vanety of experimental conditions.
There were no actual hield daticincorporated e the aquatic model simulations,

The results of the simulatoss are sumimarized w bigares 2 and 3, Fast, the accumulaton
ol DU decreased with hipher trophie Tevel m the ccosystern (hapare 2) Phis tend indicates that
DU does not bioaccumulate i this ccosystem except m zoophnkton, and that the hiphest

concentation ot DU e this ceosyatent would he i the zooplankton at equilibiinm or steady state,



Figure 3 shows the magnitude of the DU concentration in four compartments. As expected, the
zooplankton have the largest DU concentration, whereas the other three compartments have little
or no DU accumulation over time. Figure 3 suggests that little DU is making its way into the
human food chain. Field data are required, however, in order to validate this observation. Figure
4 shows the DU concentrztion in aquatic sediments with time. Sediments tend to reach steady
state much more slowly than the aquatic biota, and sediments have a much higher DU
concentration than any other compartments. Sediment is determined to b the major sink for DU
in this ccosystem.

These results suggest several characteristics of DU behavior in the APG aquatic
ecosystem. First, only zooplankton should show any appreciable DU content when the ecosystem
1s systematically sampled and analyzed. Second, sediments should contain measurable DU since
they appear to be the sink for DU transport. Third, the simulation results suggest little or no build
up of DU in organisms of economic, recreational, or aesthetic importance. Low DU
concentrations in species conswned by humans, furthermore, result in extremely lew radiation
doses to humans (<<100 mremvy) and small toxicological doses (<1 pg/g in human kidney).

Thus, there is hittle adverse effect expected trom the testing of DU munitions at APG based on a
conservative maodel usig estimated input parameters. There s no direct evidence, however, that
actual DU contents in organisms s higher or lower than the predicted concentrations. 'This

evidence can only be provided from sampling the ecosystem compartments.

Sampling Designy

The simulations described above can be etfectively used to plan mtensive, systematic
sanmphing of the APG aquatic ccosystenm. Ulneertaunty and sensttivity analyses of the above madel
mdbcate that DU concentration i water s the most sensitve pacmeter and that zooplankton and
seduments would sequester most ot the DU o the ccosestenns Samphing: water, sedimients, and
zaoplankton would theretore be pradent o deternine exacdy how muach DU transters thiouph the

tood <l Samiphimg blue crab, rock tosh, and other compartments e also mdicated sinee these



organisms are consumed by humans. Even though the simulations suggest that DU ingestion
through consumption of fish is small, sampling must be done to confirm the prediction. The
emphasis in field sampling, however, can bec on the more sensitive parameters. A refined
ecosystem model would incorporate data collected from field samples and will produce a more
realisiic estimate of DU ingested by hummans and more co:nplete radiological and toxicological
dose calculations. The sampling plan for this ecosystem includes using more sampling resources
on determining DU concentration in water, sediment, and in the zooplankton and fewer resources

on other biota including fish, blue crabs, clams, and aquatic plants.

Conclusions

The ecosystem models developed for the DU risk assessment tend to be complex although
realistic with regard to the flux of DU through the various compartments. Statistical distributions
of the parameters used in the model showed that while the model itself is complex, there are only
a few sensitive parameters that actually drive the model. Model simulations, therefore, indicate
those segments of the ecosystern that should be more intensively sampled in order to determine
the actual DU concentrations in the ecosystem. Since envitonmental sampling tends to be budget
limited, the simultions provide a useful ol to target those parts of the ecosystem that would
decrease uncertanty in predictions by providing the greatest insight to DU uptake by plants,
antmals, and to humans,

The simulations supgpest that there as Littde DU ingested by humans who use the APG area
conmunercially or recreationally. “The simulations also show that there s hittle DU contamination in
aquatic products from Chesapeake Bay. Accordingly, the maodels suppest there s little 1o no
probability of saverse health effect due to consumption of DU Contaminated products, Caution is
advised. however, becanse this conclusion is based only on mode! simulations and not on actual
data collected trom the aquatic ccosystem,

Sampling plans designed o colleet freld dat on DU ransport through the ccosystem can

be destpned to collect most ol the data trom those patameter tiat e the most sensitive, Small



changes in sensitive parameters result in large changes in the amount of DU ingested by humans,
whereas variation in the less sensitive parameters tend not to change the predicted concentrations
much. Using more sampling resources, therefore, on the sensitive parameters provides data for
more detailed DU transport simulations as well as estimates of actual concentrations of DU
available to animals and humans. Efficient and cost-effective sampling of contaminated areas
assures that adequate assessments of potential health effects are conducted at the same time that

resources to do the sampling are used wisely.
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Figure 20 Bioaccumulation factors derived from aquatic model iesolts. Values shown are
averapes of the bioaccumulation factrs,
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Figure 3. Results of aquatic maodel simulation. Graph shows DU concentration in zooplankton,
shellfish, crabs, ommivorous fish, and carnivorous fish compartments with tme. Steady
state s reached within 10 days of simulation start.
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Figure 4. Resalts of aquatic maodel simulation. Graph shows DU concentration in sediment
compartment. Mote than SO years required o reach sieady state, thus, sediment is a sink
for DU,



